BCL-2 proteins are known to engage each other to determine the fate of a cell after a death stimulus. However, their evolutionary conservation and the many other reported binding partners suggest an additional function not directly linked to apoptosis regulation. To identify such a function, we studied mice lacking the BH3-only protein BIM. BIM − / − cells had a higher mitochondrial oxygen consumption rate that was associated with higher mitochondrial complex IV activity. The consequences of increased oxygen consumption in BIM − / − mice were significantly lower body weights, reduced adiposity and lower hepatic lipid content. Consistent with reduced adiposity, BIM − / − mice had lower fasting blood glucose, improved insulin sensitivity and hepatic insulin signalling. Lipid oxidation was increased in BIM − / − mice, suggesting a mechanism for their metabolic phenotype. Our data suggest a role for BIM in regulating mitochondrial bioenergetics and metabolism and support the idea that regulation of metabolism and cell death are connected. Cell Death and Differentiation (2018) 25, 217-225; doi:10.1038/cdd.2017.168; published online 20 October 2017
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The inner mitochondrial membrane is the site of oxidative phosphorylation (OXPHOS) and energy metabolism. OXPHOS involves the transfer of electrons liberated during β-oxidation and the citric acid cycle across the protein complexes of the electron transport chain. 2 This transfer of electrons, together with the pumping of protons from the mitochondrial matrix to the intermembrane space is required for generation of ATP and release of heat. 2 In contrast, the outer mitochondrial membrane is important in apoptotic cell death signalling. In mammalian cells, the intrinsic apoptosis pathway, also known as the BCL-2 regulated or mitochondrial pathway, is activated by cellular stresses such as radiation exposure, DNA damage and growth factor withdrawal. 3 Activation of the pro-apoptotic BH3-only BCL-2 family members, such as BIM or PUMA, inhibits the pro-survival BCL-2 family members, including BCL-2, BCL-XL, and MCL-1, allowing activation of the proapoptotic multi-BH domain effectors BAX and BAK, 3, 4 leading to mitochondrial outer membrane permeabilisation with consequent release of cytochrome c into the cytoplasm, and activation of the caspase cascade that eventually causes cell death. 3 BIM is a potent BH3-only factor that can bind with high affinity to all the pro-survival members of the BCL-2 family. 3 It mediates apoptosis in a variety of cell types in response to cellular stresses, such as growth factor deprivation, ER stress, oxidative stress, and corticosteroid exposure. [5] [6] [7] [8] Although BIM is expressed at very low levels in the absence of stress, it has been observed in the mitochondria of non-apoptotic cells, in association with the translocase of the outer membrane complex that imports proteins into the mitochondria. 9, 10 This indicates that it may have a mitochondrial role, even in resting cells. Further, the protein sequence of BIM is conserved across species, 11 and binding partners additional to pro-survival BCL-2 proteins have been described. 9 We have therefore studied BIM-deficient mice to investigate whether BIM could have a physiological role in resting cells separate to its apoptotic function. BIM − / − mice had increased lipid oxidation, associated with increased activity of mitochondrial complex IV and an increased mitochondrial oxygen consumption rate (OCR) at a cellular level. As a consequence, BIMdeficient mice had lower fasting blood glucose, improved insulin sensitivity and reduced adiposity. Our results suggest that BIM has a role in mitochondrial function that is independent of apoptosis, and its deficiency results in altered whole-body metabolic homoeostasis.
Results

BIM-deficient cells have increased mitochondrial OCR
and reduced mitochondrial membrane potential. We investigated whether BIM is involved in regulating cellular mitochondrial oxidative metabolism. The mitochondrial OCR was measured in mouse embryonic fibroblasts (MEF) under serum-free conditions. BIM − / − MEFs had substantially higher basal OCR than wild-type controls (Figures 1a and b) . Similar to wild-type cells,~70% of basal OCR in BIM − / − MEFs was coupled to ATP synthesis suggesting that there was a proportional increase in uncoupled and ATP-coupled OCR in BIM − / − cells (Figures 1a and b) . Strikingly, we noticed an increase of more than threefold in the maximal mitochondrial respiratory capacity of BIM − / − MEFs compared with wild-type controls (Figures 1a and b) . Similar differences were seen in basal and maximal cellular respiratory capacity (Supplementary Figure 1A) . The rate of oxygen consumption coupled to flux through complex-I and complex-III was determined after sequentially adding rotenone and antimycin A to the cells and was also higher in BIM − / − cells (Supplementary Figure 1A) . The mitochondrial OCR of BAX − / − BAK − / − MEFs was not different from wild-type controls, suggesting that increased OCR in BIM − / − cells may be separate from its pro-apoptotic function (Figures 1a and b) These data indicate that in addition to its known role as a pro-apoptotic protein, BIM is also involved in regulating mitochondrial OXPHOS.
Mitochondrial membrane potential, measured by JC-1 staining, was lower in BIM − / − MEFs than wild-type MEFs (Figure 1c ), indicating changes in ionic equilibrium across the inner mitochondrial membrane. In contrast, the intensity of JC-1 staining in BAX − / − BAK − / − MEFs was similar to wild-type controls (Figure 1c ). The reduction in mitochondrial potential could be a consequence of increased mitochondrial ATP turnover in BIM − / − MEFs. These data show that BIM has a fundamental role in regulating mitochondrial function, cellular bioenergetics, and energy expenditure.
Hepatocytes from BIM − / − mice had a similar amount of mitochondrial DNA compared with wild-type hepatocytes (Supplementary Figure 1B) . BIM deficiency resulted in increased mean mitochondrial cross-sectional area in hepatocytes (Supplementary Figure 1C & D) . This could be owing to altered mitochondrial fusion or fission. 12, 13 BIM-deficient cells also had reduced number of mitochondria per cell and mitochondria were relatively more round in shape, which is likely to be due to their bigger size (Supplementary Figure 1C 
& D).
BIM-deficient hepatocytes have increased activity of complex IV. To understand how BIM could control OCR, activity of mitochondrial complexes I-IV was measured in liver mitochondrial preparations from control and BIM − / − mice. These assays assess the intrinsic capacity of mitochondrial complexes independent of cellular energetics, which was assessed in the experiments using MEFs. Citrate synthase activity (a marker for mitochondrial content) was slightly reduced in BIM − / − livers ( Figure 2a ). We observed an increase of about twofold in the activity of complex IV in BIMdeficient liver tissue, whereas no difference was observed in the activities of other complexes, indicating that the effects of BIM deficiency are specific to complex IV and not generalised to the entire OXPHOS machinery (Figure 2b ). In blue native PAGE (BN-PAGE) analysis, a cocktail of antibodies against complexes I, II, III, and IV (anti-OXPHOS) showed no difference in the expression of individual complexes (Supplementary Figure 2) . Further, no difference in the assembly of CI/CIII/CIV supercomplexes was observed between wild-type and BIM − / − liver tissue samples suggesting that loss of BIM does not increase complex IV activity by facilitating improved assembly of supercomplexes (Supplementary Figure 2) .
Lipid oxidation and energy expenditure is greater in BIMdeficient mice than wild-type controls. Our data in MEFs show that BIM regulates cellular energy expenditure that is supported by mitochondrial oxidative metabolism. Mitochondria are an important site of cellular macronutrient metabolism. This includes glucose oxidation via the TCA cycle. In addition, β-oxidation of lipids and the subsequent oxidation of the resultant acetyl-CoA, also through the TCA cycle, produces reducing equivalents for the generation of ATP molecules through OXPHOS. 14, 15 To find out whether changes in mitochondrial OXPHOS owing to BIM deficiency alter whole-body energy expenditure and substrate metabolism, we studied mice in metabolic cages. Consistent with data obtained in MEFs, mice lacking BIM had increased energy expenditure (Figure 3a) . These mice had a lower respiratory quotient under the basal conditions of light cycle (Figure 3b) , which was associated with increased lipid utilisation by BIM − / − mice ( Figure 3c ). Carbohydrate oxidation was reduced in the light cycle in BIM − / − mice (Supplementary Figure 3A) , indicating that BIM also regulates whole-body substrate utilisation. No significant differences between wild-type and BIM − / − mice were observed in physical activity (Supplementary Figure 3B) .
BIM-deficient mice have altered lipid and glucose metabolism in the liver. The liver is a key organ in regulating glucose and fat metabolism in the body. We examined metabolism of these micronutrients in the liver. Isolated hepatocytes lacking BIM had a greater capacity to oxidise palmitate than wild-type hepatocytes (Figure 3d ). Further, BIM − / − mice had lower serum triglycerides, whereas cholesterol concentrations were similar between wild-type and BIM − / − mice ( Figure 3e ). We hypothesise that owing to increased energy expenditure, BIM − / − mice metabolise the glycogen stores relatively rapidly and this is followed by greater lipid metabolism in the resting state, resulting in reduced hepatic lipid and glycogen content. Indeed, fasting liver glycogen content was reduced in BIM − / − livers ( Figure 3f ). Although serum albumin was slightly reduced, deficiency of BIM did not affect concentrations of total proteins (Supplementary Figure 3C ) and liver enzymes (not shown) in the serum, suggesting that synthetic liver function in BIM − / − mice is overall normal.
BIM deficiency is associated with reduced body weight and adiposity. Given the increased energy expenditure and lipid oxidation, and favourable serum lipid profile in BIMdeficient mice, we next investigated total body weight and adiposity in mice on a chow diet and those challenged by a 45% high-fat diet (HFD) for a total of 18 weeks. Deficiency of BIM improves glucose homoeostasis in mice. Increased energy expenditure and reduced body fat is commonly associated with improvements in insulin sensitivity and glucose homoeostasis. 16 Compared with mice on a chow diet, high-fat feeding increased fasting blood glucose in wildtype mice (Figures 5a and b) . BIM − / − and BIM +/ − mice had lower fasting blood glucose concentrations when compared with chow or high-fat-fed wild-type mice (Figures 5a and b) . No significant differences in non-fasting blood glucose were observed (Supplementary Figure 4D) . Lower fasting blood glucose could be owing to enhanced release of insulin from islets or improved sensitivity to insulin in peripheral tissues.
Islet function was analysed by intraperitoneal glucose tolerance testing in 20-week-old mice, after 14 weeks on either chow or high-fat diet. BIM − / − mice had improved glucose tolerance compared with wild-type mice (Figures 5c  and e) . High-fat feeding made the mice glucose intolerant, but (Figures 5f-h ). Hyperinsulinaemia is a compensatory response by islets to high-fat-induced insulin resistance. 17 Deficiency of BIM was associated with lower plasma insulin concentrations after intravenous glucose injection compared with wild-type controls under both dietary conditions (Figures 5i and j and Supplementary Figure 4E ). These data suggest that the increased insulin sensitivity in BIM-deficient mice results in reduced insulin requirements than wild-type mice to maintain their basal glucose and to normalise hyperglycaemia induced by high-fat feeding. Consistent with this we observed no differences in islet size or fractional insulin or glucagonpositive areas (Supplementary Figure 4F&G) . Both basal and glucose-stimulated insulin secretion were the same in wildtype and BIM-deficient islets (Supplementary Figure 4H) . Overall, these data suggest that improved peripheral tissue insulin sensitivity, and not islet function, results in the metabolic phenotype of BIM − / − mice.
Phosphorylation of Akt was greater in the livers of insulintreated BIM
− / − mice, suggesting that improved insulin signalling contributes to better insulin sensitivity in these mice (Figure 5k) . No difference was observed in AMP-activated protein kinase (AMPK) phosphorylation between BIM +/+ and BIM − / − livers suggesting that increased insulin signalling is not secondary to AMPK mediated metabolic changes (such as AMPK driven increased lipid metabolism) in BIM-deficient hepatocytes (Supplementary Figure 5A) . We observed a similar trend of increased Akt phosphorylation in the skeletal muscle (gastrocnemius) of BIM − / − mice (Supplementary Figure 5B) .
Age-related intra-cellular lipid droplet accumulation, 18 visualised by histological analysis and oil red O staining, was reduced in hepatocytes of BIM-deficient mice compared with wild-type controls and this was observed in both chow-fed and high-fat-fed mice (Supplementary Figure 5C-E) . Reduced hepatic lipid content may be the result of reduced lipogenesis, however, we did not observe any change in lipogenic or lipid uptake enzyme expression in liver or visceral fat (Supplementary Figure 5F) . Ectopic lipid accumulation in the liver reduces hepatic insulin sensitivity. 19 Therefore, reduced hepatocyte lipid accumulation in BIM-deficient mice could contribute to increased hepatic insulin sensitivity.
Discussion
In this study, we show that BIM regulates mitochondrial OXPHOS and its deficiency leads to increased mitochondrial oxygen consumption and activity of complex IV, the terminal enzyme in the electron transport chain. Mitochondria are the major site of cellular ATP synthesis and oxidation of lipids, so changes in mitochondrial OXPHOS are likely to affect wholebody macronutrient metabolism. In particular, liver and muscle are the main sites of lipid oxidation in the body, and most likely to be affected by increasing complex IV activity. Taking advantage of the fact that BIM-deficient mice survive to adulthood and do not show any significant pathology on a C57BL/6 genetic background at a young age, we found that altered bioenergetics observed with BIM deficiency led to increased use of lipids for resting energy metabolism resulting in reduced body fat, reduced glycogen stores and increased insulin sensitivity. Consistent with our data, feeding a high-fat diet to mice for 12 weeks induced insulin resistance and reduced the expression of complex IV in visceral fat. 20 However, mice lacking the complex IV assembly factor Surf1 have reduced complex IV activity and this is associated with increased mitochondrial biogenesis, reduced adiposity, increased lipid oxidation and improved insulin sensitivity. 21 This shows that the impact of alterations in complex IV activity on insulin sensitivity and substrate metabolism is dependent on the underlying mechanism and metabolic context. Our study shows that increased mitochondrial activity caused by BIM deficiency is a mechanism for improving insulin sensitivity. One caveat of our work is the observation that BIM-deficient mice have perturbed immune homoeostasis. In BIM-deficient mice, autoreactive T cells escape deletion in the thymus. However, widespread autoimmunity is avoided because a subset of FoxP3 is likely that all tissues contribute to the metabolic phenotype in BIM − / − mice, and tissue-specific knockout mice will display a partial phenotype. Preliminary data in hepatocyte-specific knockouts show insulin sensitivity consistent with the wholebody data (ENG and HET unpublished data). Our data suggest that BIM inhibits both ATP-coupled and uncoupled respiration and this is seen in non-apoptotic conditions in the absence of apoptotic stimuli known to activate BIM. Consistent with this, increased accumulation of mitochondrial reactive oxygen species (ROS) and reduced mitochondrial respiration were observed in neuroblastoma cells conditionally expressing BIM. 23 BIM has tumoursuppressor properties 24, 25 and it is possible that BIMmediated inhibition of mitochondrial activity provides the initial trigger for tumour cell apoptosis by generating ROS in the mitochondria. 23 Therefore, it is possible that metabolic effects of BIM could be connected with apoptosis, and elucidating this connection will be determined in future studies. Results for the chow-fed mice (i) and high-fat-fed mice (j) are shown. n = 9-11 mice/genotype. *Po0.05 (Student's t-test). (k) Western blot of phosphorylated AKT (pAKT), total AKT, and actin (loading control) performed on liver lysates isolated from 20-week-old male mice after 6 h of fasting. Liver samples were isolated 10 min after intraperitoneal injection of insulin. n = 5-6 mice/genotype. Quantification of western blots for pAKT normalised to total AKT. *Po0.05 BIM − / − versus wild-type mice on chow diet (Student's t-test). Data show mean ± S.E.M.
Changes in mitochondrial OXPHOS have been observed previously in vitro in cells with altered expression of the pro-survival factors MCL-1, BCL-2, and BCL-XL. 13, [26] [27] [28] Overexpression of these pro-survival factors increased mitochondrial activity, and although the effects on OXPHOS are not exactly the same, they are consistent with our findings that deletion of BIM increased mitochondrial function and complex IV activity. The exact mechanism by which BIM regulates these effects remains unclear. It was recently reported that a variant of BCL-2 is associated with altered insulin sensitivity in a large genome wide association study. 29 BCL-2 is also associated with type 2 diabetes 30 and body fat distribution. 31 It is currently unknown if BIM directly binds to a subunit of complex IV or if its deletion leads to increased availability of pro-survival factors in the mitochondrial matrix. The highly unstructured nature of BIM 32 suggests that it may have a secondary role in the mitochondria through association with another protein, such as one of the pro-survival factors. Although the pro-apoptotic proteins BAD 33 and BNip3 34 have demonstrated roles in mitochondrial function and liver energy metabolism, PUMA did not have a similar metabolic phenotype. 35 Our new data showing a role of pro-apoptotic BIM in metabolism, together with previous data showing an effect of pro-survival members of the same family 13, [26] [27] [28] suggest that the family of proteins is involved in both cell death and metabolism.
AMPK and peroxisome proliferator-activated receptor proteins are important regulators of lipid oxidation, 14, 36 and have been implicated in protection from apoptosis of BIM-deficient neuronal cells, hepatocytes and beta cells. [37] [38] [39] Further, activation of AMPK has been shown to increase mitochondrial content and activity of complexes III and IV. 40 This raises the possibility that by inhibiting apoptosis, BIM deficiency could permit prolonged and sustained AMPK activation, resulting in increased oxidative metabolism of fatty acids. However, we did not observe evidence that BIM and AMPK mediate cross-talk between apoptosis and metabolism, and therefore we suggest that the increased lipid oxidation in BIM − / − mice is not likely to be AMPK mediated, but depends on downstream increase in mitochondrial activity.
Overall, we have shown that in addition to its known role as a potent inducer of apoptosis, BIM is involved in the regulation of mitochondrial oxygen consumption and complex IV activity and its loss results in increased lipid metabolism and reduced body fat. Future work will determine what domain(s) in BIM is important in regulating mitochondrial activity. Targeting the mitochondrial respiratory chain to oxidise fatty acids and improve insulin sensitivity is a novel treatment option for type 2 diabetes. For example, glimins, a new class of drug that act by increasing the mitochondrial capacity to oxidise fatty acids, are as effective as metformin in preliminary human studies. 41 The lipid-lowering effects of metformin are dependent on AMPK target enzymes ACC1 and ACC2, 42 and metformin treatment does not lead to substantial increases in mitochondrial OXPHOS. 43 It is possible that targeting the mitochondrial role of BIM could be an option to amplify the lipid-lowering effects of metformin by increasing mitochondrial activity, providing of course that this does not impact on BIM's critical role in regulation of cell death. or BIM +/+ mice on C57BL/6 background were randomly placed on a chow diet (Specialty Feeds, Glenn Forest, Australia) or a HFD (45% kCal/fat, Specialty Feeds) for 18 weeks. Mice were maintained on a 12 h light/12 h dark cycle. Mice were weighed and their food intake was calculated weekly. Non-fasting blood glucose was measured every 2 weeks while fasting blood glucose was measured after 7-8 h of fasting at 0, 6, 10, 14, and 18 weeks using a glucometer (Accu Chek Performa, Roche, Basel, Switzerland). At 18 weeks, mice were killed and pancreas, liver, inguinal fat pad (SAT), epididymal fat pad (VAT), and interscapular fat pad (brown adipose tissue) were weighed, and collected for further analysis.
Mice lacking BIM and wild-type controls fed a chow diet were housed in metabolic cages (Columbus Instruments, Columbus, OH, USA) for 48 h at 18 weeks of age. After 24 h of acclimatisation, physical activity, energy expenditure and substrate utilisation were measured by indirect calorimetry. 44 Body composition was determined by MRI scanning (EchoMRI, Houston, TX, USA).
Blood samples were obtained from fasted mice by cardiac puncture. Serum was isolated from the blood samples by centrifugation and the measurements for lipids, proteins and liver enzymes were performed on a clinical chemistry analyser (Beckman Coulter AU5800 Clinical Chemistry System, Brea, CA, USA).
Insulin and glucose tolerance tests. Mice were fasted for 4 h at 18 weeks of age before performing an intraperitoneal insulin tolerance test. Insulin (Actrapid, Novo Nordisk, Bagsvaerd, Denmark), at a dose of 0.75 U/kg, was injected intra-peritoneally and blood glucose was measured at 0, 15, 30, 45, 60, 90, and 120 min after tail bleeding.
At 20 weeks of age, mice were fasted for 6 h before an intraperitoneal glucose tolerance test. Glucose solution (2 g/kg, Baxter, Deerfield, IL, USA) was injected and blood glucose was measured at 0, 15, 30, 45, 60, and 120 min. An intravenous glucose tolerance (IV-GTT) test was performed on 24-week old mice after 6 h of fasting according to previously described methods. 45 In brief, 1 g/kg glucose was injected and plasma samples were obtained at 0, 2, 5, 10, 15, and 30 min to measure insulin concentration by ELISA (Mercodia, Uppsala, Sweden).
Glucose-stimulated insulin secretion. Islets of Langerhans were isolated as described previously. 46 Twenty islets of similar size were preincubated for 30 min in Krebs-Ringer bicarbonate (KRB) buffer containing 3 mM glucose and 0.1% BSA, after which they were incubated for 30 min with KRB buffer containing either 20 mM glucose or 3 mM glucose and 0.1% BSA. The secreted insulin was measured using a rat/mouse insulin ELISA kit (Mercodia).
Western blotting and blue native PAGE. Twenty-week-old male mice were fasted for 6 h and then injected intra-peritoneally with PBS or insulin (0.65 mU/g). Liver and muscle samples were collected in liquid nitrogen 10 min after insulin injection. Lysates were prepared and western blotting was performed according to previously described methods. 47 Anti-phospho-S473-Akt, anti-Akt, anti phosphoT172-AMPK and anti-pan-alpha AMPK antibodies from Cell Signaling Technology (Danvers, MA, USA), and anti-BIM antibody from Alexis Biochemicals (Plymouth Meeting, PA, USA) were used. Blotting with anti-actin or anti-tubulin antibodies (Santa Cruz Biotechnology, Santa Cruz, CA, USA) were used for loading control.
Blue native polyacrylamide gel electrophoresis (BN-PAGE) of liver tissue samples was performed as described. 48 Immunoblotting was performed using an antibody cocktail (Abcam, Cambridge, UK) against NDUFB8 (ab110242), CII-30kDa (ab14714), CIII-core protein 2 (ab14745), CIV subunit I (ab14705) and CV alpha subunit (ab14748). 
BAK
− / − MEFs, isolated from mouse lines made on a mixed B6/129 background and subsequently backcrossed onto B6 for more than six generations, were analysed on a Seahorse XF24 Flux Analyzer (Seahorse Bioscience, North Billerica, MA, USA) in serum-free conditions according to a previously described protocol. 49 After plating 25 000 MEFs/well and recording three basal OCR measurements, readings were taken after sequentially injecting oligomycin (1 μM), FCCP (1 μM), rotenone (1 μM), and antimycin A (1 μM). Calculations of parameters of mitochondrial respiratory function 49 included subtraction of non-mitochondrial respiration from all mitochondrial respiration parameters. The data were normalised to total protein content/well measured by BCA assay (Thermo Fisher Scientific, Waltham, MA, USA) according to manufacturer's instructions.
Mitochondrial potential was measured in wild-type, BIM − / − , and BAX
MEFs using JC-1 dye (10 μg/ml) according to manufacturer's instructions. After three washes with PBS, red and green fluorescence was measured using an excitation wavelength of 488nm and emission wavelengths of 522 and 605 nm respectively, using a Flexstation II microplate reader (Molecular Devices, Sunnyvale, CA, USA). Activity of electron transport chain complexes was measured in liver tissue samples as previously described. 50 Histology. For all the histological analysis, tissue was fixed in formalin, and sections (5 μm) were stained according to standard procedures. Guinea pig antiinsulin antibody (Dako, Glostrup, Denmark) was detected with Alexa Fluor555-conjugated goat anti-guinea pig IgG antibody (Life Technologies, Carlsbad, CA, USA). Mouse anti-glucagon antibody (Sigma-Aldrich, St. Louis, MO, USA) was detected with Alexa Fluor647-conjugated goat anti-mouse IgG antibody (Life Technologies). Nuclei were stained with DAPI reagent (Life Technologies). Images were analysed on a Nikon A1R-A1 confocal microscope (Nikon Corporation, Tokyo, Japan). The percentage of insulin and glucagon-positive staining per islet was analysed using ImageJ software (NIH, Bethesda, MD, USA). Hepatic lipid content was analysed on frozen sections of BIM +/+ and BIM − / − liver by oil red O staining according to a previously published protocol. 51 Slides were imaged using an Aperio digital slide scanner (Leica, Wetzlar, Germany) and oil red O-positive areas were quantified using the Aperio software.
Electron microscopy. Transmission electron microscopy was performed as described previously. 52 For isolated hepatocytes, cells were fixed in 2% paraformaldehyde, 0.05% glutaraldehyde in 0.08 M Sorensens's phosphate buffer then processed using standard procedures. Ultrathin sections~70 nm thickness were cut on Ultracut-S ultramicrotome (Leica, Wein, Austria) and contrasted with uranyl acetate and lead citrate. Images were analysed by ImageJ software (NIH).
